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Early prediction of the long term evolution of multiple sclerosis:
the Bayesian Risk Estimate for Multiple Sclerosis (BREMS)

score
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Aim: To propose a simple tool for early prediction of
unfavourable long term evolution of multiple sclerosis (MS).
Methods: A Bayesian model allowed us to calculate, within the
first year of disease and for each patient, the Bayesian Risk
Estimate for MS (BREMS) score that represents the risk of
reaching secondary progression (SP).

Results: The median BREMS scores were higher in 158 patients
who reached SP within 10 years compared with 1087
progression free patients (0.69 vs 0.30; p<0.0001). The
BREMS value was related to SP risk in the whole cohort
(p<<0.0001) and in the subgroup of 535 patients who had
never been treated with immune therapies, thus reasonably
representing the natural history of the disease (p<0.000001).
Conclusions: The BREMS score may be useful both to identify
patients who are candidates for early or for more aggressive
therapies and to improve the design and analysis of clinical
therapeutic trials and of observational studies.

multiple sclerosis (MS), such as B-interferons and glatir-

amer acetate, is becoming more and more popular,' even
though patients with a favourable disease evolution could avoid
these lifelong medications.” It is therefore crucial to have
reliable clinical predictors of the evolution of the disease to
distinguish between patients requiring early/aggressive thera-
pies from those who do not, and to improve the design and
analysis of clinical therapeutic trials and of observational
studies.

Several studies have identified clinical factors related to poor
MS outcome.”™ However, these studies analysed the relation-
ships between manifestations at onset and time of occurrence
of specified end points, without considering information
collected up to the end points. To make more accurate use of
follow-up information and to better assess the prognostic value
of the early events, we performed a preliminary study by
building a Bayesian model of the natural history of the
disease."” The model allowed us to calculate an individual risk
score for each patient.

In the present study we tested the trustworthiness of the
Bayesian risk score on the basis of a new and larger sample of
patients.

The widespread and early use of disease modifying drugs in

METHODS

In a previous study, we exploited a Bayesian approach with a
Markov chain Monte Carlo simulation to model the natural
history of 186 MS patients with an initial relapsing-remitting
(RR) course in order to determine the risk of reaching
secondary progression (SP)." This risk was significantly related

to specific clinical factors collected during the first year of the
disease. Each factor was associated with a specific statistical
“weight”, the Bayesian local relative risk (LRR), which we used
to calculate the Bayesian Risk Estimate for MS (BREMS) score.
The BREMS score can be simply calculated, for any given
patient, from the sum of the appropriate log LRRs (table 1).

For example, if we consider a 50-year-old woman, who had a
“motor—sensory’” onset without complete recovery, followed by
one “‘sphincter plus motor relapse’”” which led to a permanent
level 4.0 on the Expanded Disability Status Scale (EDSS)"
during the first year of disease, her BREMS score would be: 0.25
(age: 0.05x5 decades) —1.07 (female sex) + 0.81 (motor—
sensory involvement at onset) + 0.64 (number of functional
systems involved at onset: 2) + 0.52 (sequel after onset) + 0.71
(sphincter plus motor relapse) + 0.44 (EDSS =4.0 outside
relapse) = 2.30.

We retrospectively analysed the prospectively collected data
of a hospital cohort of MS patients selected on the basis of the
following criteria: diagnosis of definite MS according to Poser
and colleagues'’; initial RR course; disease duration =10 years;
and interval from clinical onset to the first neurological
examination <1 year.

We analysed the clinical variables collected at the initial
observation and within 12 months of disease onset, at each
scheduled or unscheduled visit. We recorded the time at which
the patient reached the confirmed SP. SP was defined as the
earliest date of observation of a progressive worsening, severe
enough to lead to an increase of at least 1 point on the EDSS,
and confirmed at least 1 year after progression."

RESULTS

We enrolled 1245 MS patients (863 females, 382 males)
selected from a larger sample of 3373: 162 patients, who were
different from those who contributed to the Bayesian model in
the preliminary study,’” came from the MS Centre in Pavia
(Northern Italy), 295 patients from the MS Centre in Florence
(Central Italy) and 788 from the MS Centre in Bari (Southern
Italy).

Median age at onset was 24.8 years (interquartile range
(IQR) 20-32)) and mean follow-up was 17.1 years (SD (2.1),
range 10-48); 21 261 person years were analysed.

A total of 340 patients (27%) reached the main end point
(shift to SP) by the end of the entire observation period, in a
median time of 10.5 years (range 2-44).

In all, 710 patients were treated with at least one immune
therapy (disease modifying drugs, azathioprine, cyclophosphamide,

Abbreviations: BREMS, Bayesian Risk Estimate for Multiple Sclerosis;
EDSS, Expanded Disability Status Scale; LRR, local relative risk; MS,
multiple sclerosis; RR, relapsing-remitting; SP, secondary progression
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Table 1 Estimates of the Bayesian risk associated with
early clinical predictors observed within 1 year of disease
onset

Mean Mean log

LRR LRR 95% Cl
Age at onset (in decades) 1.05 0.05 1.02 to 1.09
Female sex 0.39 -1.07 0.17 t0 0.78
Sphincter onset 2.98 0.93 1.10 fo 6.10
Pure motor onset 2.11 0.62 0.90 to 4.20
Motor—sensory onset 2.40 0.81 1.15 to 4.41
Sequel affer onset 1.76 0.52 1.04 to 2.88
Functional systems involved at 1.39 0.32 1.16 to 1.64
onset
Sphincter plus motor relapses 2.10 0.71 1.56 to 2.89
EDSS =4 outside relapse 2.28 0.44 0.40 to 6.50

EDSS, Expanded Disability Status Scale; LRR, local relative risk; 95% Cl, 95%
Bayesian credible interval for the local relative risk.

ciclosporin, mitoxantrone). The remaining 535 patients were
never treated, except with steroids during relapses. Among the
patients never treated, 179 (33%) became SP by the end of the
entire observation period, in a median time of 10.1 years (range
2-34).

We calculated the BREMS score, based on the clinical events
of the first year of disease, for every patient.

We divided patients into two groups, on the basis of the
clinical course observed during the first 10 years from disease
onset: 1087 patients were RR and 158 SP. The median BREMS
score was significantly higher in the subgroup of patients who
reached SP within 10 years than in the progression free
patients: 0.69 (IQR —0.08 to 1.31) vs 0.30 (IQR —0.58 to
0.94), Mann-Whitney test z= 5.6, p<0.0001.

We then focused our analyses on the 535 patients who were
never treated with immune therapies, and who thus repre-
sented the natural history of the disease more closely. Their
clinical course within 10 years was RR in 448 and SP in 87.
Again, the median BREMS score was significantly higher in the
subgroup of patients who reached SP: 0.82 (IQR0.11 to 1.51) vs
0.28 (IQR —0.58 to 0.93), Mann-Whitney test z=5.2,
p<0.0001. In contrast, we did not find any significant
difference in BREMS scores when we analysed 710 patients
(639 RR and 71 SP) treated with at least one immune therapy.

SP-free survival analysis also demonstrated that BREMS was
significantly related to SP in the whole cohort (p<<0.0001) and
in the ‘“never treated cohort” (p<0.0001) but not in the
“treated cohort”.

We subsequently divided patients on the basis of quartiles,
and compared patients with high scores (fourth quartile,
BREMS value =0.97) to patients with low scores (first quartile,
BREMS value <—0.55). Among the patients with higher
BREMS scores, 29% became SP within 10 years of disease
onset while only 4% of those with a lower BREMS score became
SP. The relative risk was 6.5 (95% CI 2.8 to 14.8). Kaplan—Meier
curves confirmed that a higher BREMS value was significantly
related to a higher risk of reaching SP in the whole cohort
(p<<0.0001) and in the subgroup of patients who were never
treated (p<<0.000001) (fig 1), while no significant difference
was found for the treated subgroup.

Finally, we regarded BREMS as a ““diagnostic” test with
which to predict (i) the risk of reaching SP and (ii) the
probability of being progression free at 10 years from clinical
onset. We analysed patients who started with a BREMS score
=95th percentile (value 2.0) and those who started with a
BREMS score <5th percentile (value —0.63). Of the 21 “very
high risk” patients, 18 became SP; specificity was 0.99,
sensitivity 0.17, positive predictive value 0.86 and negative
predictive value 0.83. All 33 of the “very low risk” patients
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Figure 1 Kaplan—Meier curves for estimates of the time needed to reach

the secondary progressive (SP) phase, starting from the 1 year duration of
disease mark, among patients with multiple sclerosis who were never
treated with immune therapies, with Bayesian Risk Estimate for Multiple
Sclerosis values < 1st quartile or =4th quartile.

remained progression free; specificity was 1.00, sensitivity 0.08,
positive predictive value 1.00 and negative predictive value 0.18.

DISCUSSION

In the present study, we tested a method for the early
prediction of long term poor evolution of MS, namely the
development of SP. This latter event represents a critical step
towards an irreversible disability for which currently available
immune therapies are no longer useful.

We used the prognostic factors we had previously selected
with a Bayesian model of the natural history of MS" to
calculate, in the first year of disease, a risk score (the BREMS)
for each individual patient. We analysed patient data from
three independent Italian MS Centres to determine whether the
BREMS score accurately predicted the actual evolution of the
disease.

Regarding the statistical approach on which we based our
analysis, Bayesian methodology has, in recent years, been
promoted as an alternative to the frequentist method when
dealing with medical problems," such as MS prognosis.”> The
Bayesian approach not only confirmed the findings of other
studies (the “protective” effect of female sex,** ® the unfavour-
able role of late age at onset and of polysymptomatic onset* *)
but also highlighted the importance of the qualitative aspects of
clinical events. Specifically, type of onset, motor and sphincter
relapses, and an early increase in disability were important
short term predictors of long term outcome. This suggests that
we should look at not only the number of events but should
also consider the relative importance of their different
characteristics.

Our analyses showed that the BREMS score can predict
disease evolution. In addition to analysing the whole cohort of
1245 MS patients, we separately tested 535 patients who had
never been treated with immune therapies. We confirmed the
predictive capability of BREMS in this cohort, which seemed to
better represent the natural history of the disease. Analysis of
the 710 patients treated with at least one immune therapy
generated further speculation. Given that the present study was
not designed to evaluate the effect of treatment (and thus we
provided no specific analyses concerning type, duration,
concomitance or sequence of therapies), we found no difference
in reaching SP despite initial differences in BREMS. Thus
treatment seems to bring disease evolution in high risk patients
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in line with that of low risk patients, which in turn suggests
that immune therapy is favourable in the long term.

As a diagnostic test, BREMS had poor sensitivity; it needs
improvement through incorporation of additional clinical
aspects of the disease (such as cognitive impairment and
fatigue), as well as genetic, neuroimmunological, neuroradio-
logical and neurophysiological findings. Nevertheless, the
present test is extremely specific. In particular, patients with
an initial BREMS score >2.0 have a high probability of reaching
SP within 10 years while patients with a BREMS value <—0.63
are very likely to remain progression free. Although immune
treatment in all patients with a diagnosis of RR MS is
considered appropriate, we should recognise that patients
destined to have a favourable course would benefit from not
receiving treatments. With BREMS available for every patient,
early treatment or very efficient but relatively unsafe therapies
(such as natalizumab) could be reserved for high risk patients,
a wait and see approach could be adopted for low risk cases and
the use of immunomodulators could be considered in the
remaining patients.

In conclusion, we propose the BREMS score as a simple tool
for the early prediction of the long term evolution of MS.
BREMS may be useful to: (i) identify high risk patients who
require early or more aggressive therapies; (ii) identify low risk
patients who could avoid lifelong, expensive and potentially
troublesome treatments; (iii) favour a more homogeneous
selection of patients for clinical therapeutic trials, where
inclusion criteria such as the simple relapse count are still
applied; and (iv) evaluate the effect of therapies in the field of
observational studies, facilitating an a posteriori subdivision of
non-randomised patients on the basis of their different
“‘propensity”’ to reach a poor end point.
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